Two rumen nitrate-reducing isolates of Desulfovibrio desulfuricans were found to hydrolyze cysteine with the production of sulfide and pyruvate. When cultured on agar medium containing yeast extract with nitrate as the primary electron acceptor and ferrous chloride as the indicator, blackening of colonies occurred. The blackening of colonies appeared sooner and was more intense when either cysteine or sulfate was added to the culture medium with nitrate present. When the rumen isolates of D. desulfuricans were grown in a sulfate-deficient medium with nitrate as the terminal electron acceptor and cysteine as the reducing agent, a black FeS-like precipitate developed which probably resulted from the degradation of added cysteine. In this study, the cysteine-degrading activity of the D. desulfuricans isolates was investigated, and the effect of added cysteine on the blackening of colonies in roll tubes containing FeCl2 as the indicator was evaluated.
Two rumen nitrate-reducing isolates of Desulfovibrio desulfuricans were found to hydrolyze cysteine with the production of sulfide and pyruvate. When cultured on agar medium containing yeast extract with nitrate as the primary electron acceptor and ferrous chloride as the indicator, blackening of colonies occurred. The blackening of colonies appeared sooner and was more intense when either cysteine or sulfate was added to the culture medium with nitrate present.
Desulfovibrio desulfuricans is a chemoorganotrophic bacterium that obtains energy either by anaerobic respiration, reducing sulfates or other reducible sulfur compounds to H2S, or by dismutation of fumarate or malate (10 When the rumen isolates of D. desulfuricans were grown in a sulfate-deficient medium with nitrate as the terminal electron acceptor and cysteine as the reducing agent, a black FeS-like precipitate developed which probably resulted from the degradation of added cysteine. In this study, the cysteine-degrading activity of the D. desulfuricans isolates was investigated, and the effect of added cysteine on the blackening of colonies in roll tubes containing FeCl2 as the indicator was evaluated.
The cultures of D. desulfuricans, ATCC 27774 and isolate BH, were generously provided by M. P. Bryant and B. H. Howard (6), respectively. The bacteria were grown in 9-ml volumes of medium of the following composition: KNO3, 0.6 g; sodium lactate, 1.0 g; yeast extract, 0.3 g; Minerals 1 (3), 60 ml; Minerals 2, with the sulfate salts replaced by the corresponding chloride salts (3), 60 ml; water, 156 ml; resazurin (0.1%, wt/vol), 0.3 ml; dithiothreitol (2%, wt/vol), 4.5 ml; NaHCO3 (5%, wt/vol), 21 ml. The medium was prepared by adding all components with the exception of the NaHCO3 to a 500-ml roundbottom flask. It was heated to boiling while the surface was gassed with a mixture of N2-CO2 (80: 20, vol/vol). After the medium was reduced, the flask was sealed with a rubber stopper and autoclaved. Sterile 5% (wt/vol) NaHCO3 prepared under the same gas mixture was added to the cool, sterile medium. A 5-ml portion of this medium gave a barely perceptible cloudiness with acidified BaCl2. For solid medium, agar was added to a final concentration of 1.5% (wt/vol). When included, sterile solutions of cysteine hydrochloride, sodium sulfate, and ferrous chloride (all maintained under N2) were added to the medium to give concentrations of 0.05%, 0.02%, and 0.02% (wt/vol), respectively.
To test for cysteine-degrading activity, the isolates were each grown in 600-ml volumes of culture medium (24 h) with and without cysteine hydrochloride. The cells were harvested, washed once in 0.05 M tris(hydroxymethyl)aminomethane (Tris) buffer (pH 8.0) containing 0.01 M MgCl2 and 0.001 M dithiothreitol, and suspended in 7 ml of the same buffer under an N2 atmosphere. The cells were disrupted in an N2 atmosphere by sonication at maximum power using a Biosonic III ultrasonic cell disintegrator (Bronwill Scientific, Inc., Rochester, N.Y.) by four treatments of 30 s with 1.5-min cooling intervals at 4°C. The disrupted cells were centrifuged at 40,000 x g for 20 min at 4'C to sediment particulate components. The enzyme extract was assayed at 39°C, under an N2 atmosphere in sealed tubes, using a 1.5-ml reaction mixture of the Tris-Mg2+-dithiothreitol buffer containing 2 mM cysteine and 10 lOM pyridoxal phosphate. Sulfide produced was determined as described by Siegel (19), and total pyruvate (9) was measured using a dinitrophenyl-hydrazine reagent prepared as described by Friedemann and Haugen (4) . A substrate concentration of 2 mM was selected as an appropriate compromise for optimizing color development and substrate concentration, since cysteine inhibits color development in the assay for sulfide (9) . Sulfide was determined in duplicate for 0.05, 0.1, and 0.2 ml of enzyme extract after 0, 5, 10, and 15 Sulfide was produced from cysteine and sulfate by actively growing cultures (Fig. 1A) and from cysteine by stationary-phase cultures (Fig.  1B) . The low initial production of sulfide from cysteine by the actively growing culture (Fig.  1A ) may have been due to a high utilization of cysteine and sulfide. During the later stages when growth slowed, sulfide production exceeded the growth requirement. The decrease in free sulfide observed in the stationary-phase culture at 200 min after addition of cysteine (Fig.  1B) was probably due to the utilization of sulfide by sulfur-limited cells, faster than it was produced, after an initial adaptation period.
When isolates ATCC 27774 and BH were diluted in agar medium in roll tubes with added FeCl2, cysteine plus FeCl2, or Na2SO4 plus FeCl2, black colonies were visible in tubes of all three treatments after 3 days of incubation. In tubes with FeCl2 alone added, only the colonies were black, whereas in the presence of cysteine black colonies with surrounding black precipitates were visible earlier. The precipitation of FeS in agar media in the absence of added cysteine and Na2SO4 probably resulted from the degradation Cysteine catabolism by a marine Desulfovibrio was reported in 1954 by Senez and LerouxGilleron (18) . To my knowledge, no further information on this enzymatic activity by Desulfovibrio spp. has become available in the intervening time. Knowledge of the presence of cysteine-degrading activity is important because inclusion of cysteine as a reducing agent in either the culture medium or a reaction mixture could lead to errors in the measurement of sulfide production from sulfate. In the past, it has been claimed that cysteine could be used as a reducing agent for determining colony counts with pure cultures (see reference 15); however, this method must be interpreted with caution, since FeS precipitates would arise from either or both sulfate and cysteine metabolism. The inclusion of cysteine in media for the enumeration of natural samples (e.g., reference 8) for Desulfovibrio requires testing the isolated colonies for sulfide production in the absence of cysteine (14); otherwise, the results could be in error. The use of thioglycollic acid as the reducing agent has been favored since it avoids this inconvenience (16) . Due to the inhibitory nature of thioglycollic acid (5, 14) , perhaps dithiothreitol would be a better reducing agent.
The desulfuration of cysteine to hydrogen sulfide by bacteria is usually attributed to the action of the enzyme cysteine desulfhydrase, although cystathionase (17) , tryptophanase (13) , and more complicated pathways (12) may also contribute to this process. The data presented here are insufficient to rule out any one of these possibilities as the mechanism of cysteine degradation in the Desulfovibrio isolates; consequently, additional work is necessary to characterize the precise nature of the enzyme(s) involved.
Desulfovibrio species have been found within the rumen at lo to 108 cells per ml (6, 7) . In these high numbers, they account for the dissimilatory sulfate-reducing activity observed in the rumen (1, 6) and may also contribute significantly to cysteine degradation within that environment (1). 
